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Experimentally observed excited strange charmed mesons D∗s0(2317)
±, Ds1(2460)±, Ds1(2536)±,
D∗s2(2573)
±, D∗s1(2700)
±, D∗s1(2860)
±, D∗s3(2860)
±, and DsJ(3040)± are identified tentatively ac-
cording to their spin, parity, and masses. Using the heavy quark effective theory in the leading
order approximation, we study their strong decays to ground state charmed mesons plus light pseu-
doscalar mesons. The branching ratios are classified, (D∗s0(2317), Ds1(2460)) as (1
3P0, 1P1) and
(Ds1(2536), D
∗
s2(2573)) as (1P
′
1, 1
3P2), in heavy quark doublets. The assignment of D
∗
sJ(2860) as a
four resonance states D∗s1(2860), D
∗
s2(2860), D
∗′
s2(2860), D
∗
s3(2860) is favored, where for D
∗
s3(2860)
±
the mass should be expected to higher than 2.86 GeV. For DsJ(3040) the 2P1 state is more favorable.
We construct the Regge trajectories of experimentally observed strange charmed mesons in (J,M2)
and (nr,M
2) planes, which estimate the masses of 13D3, 1
3F4, 1D2, 1
1F3, 1D
′
2, 1F
′
3, 3
3S1, and 3
1P1
with fixing the slopes and intercepts of the Regge lines. Moreover, the strong decay rates and the
branching ratios of these higher excited states are also examined. Our results could provide some
important clues in LHCb, BESIII, KEK-B, and the forthcoming Belle II, and PANDA experiments.
I. INTRODUCTION
The latest Review of Particle Physics (RPP) by Par-
ticle Data Group (PDG) listed the strange charmed
mesons (observed by the various experimental groups)
D∗s0(2317)
±, Ds1(2460)±, Ds1(2536)±, D∗s2(2573)
±,
D∗s1(2700)
±, D∗s1(2860)
±, D∗s3(2860)
±, and DsJ(3040)±
with their properties like masses, decay widths, branch-
ing ratios, lifetimes, spin, parity etc. [1]. Since 2003,
the Belle, CLEO, BABAR, LHC, and BESIII produc-
ing a data on the status of charmed strange mesons. In
the upcoming years, we believe that more candidates for
excited charmed strange mesons will be reported, with
the running experimental facilities LHCb, BABAR and
BESIII, and the future experiments Belle II and PANDA.
The comprehensive review articles have given the details
of experimental informations for charmed mesons [2–4].
More recently, the BESIII Collaboration has been
studied the e+e− annihilation processes at the center-
of-mass energy 4.6 GeV [5]. The decay mode e+e− →
D+s D¯
(∗)0K− observed the masses and decay widths
of two intermediate P -wave charmed strange mesons
Ds1(2536)
− and D∗s2(2573)
− with statistical and sys-
tematic uncertainties. Their measured spin-parity 2+ of
D∗s2(2573)
− is consistent with PDG [1]. In 2015, the
BABAR Collaboration analyzed the Dalitz plot for the
B mesons decays to D−D0K+ and D¯0D0K+ [6]. These
decay modes were reconstruct the state D∗s1(2700)
+
of mass 2699+14−7 MeV/c
2 and the decay width 127+24−19
MeV. The LHCb detector recorded the resonance struc-
ture near 2.86 GeV/c2 mass region in the decay mode
∗ keval.physics@yahoo.com
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B → D¯0K−pi− [7]. They were found to be an admix-
ture of spin-1 and spin-3 resonances, which are sepa-
rately presented by D∗s1(2860)
± and D∗s3(2860)
± [1]. The
LHCb Collaboration in their earlier analysis of D0K+
and D+K0s end states mass spectra at the center-of-
mass energy 7 TeV of pp collisions [8]. They were con-
firmed the existence of the excited states D∗s1(2700)
+ and
D∗sJ(2860)
+.
The BABAR experiment collect the data sample cor-
responding to an integrated luminosity 470 fb−1 at the
center-of-mass energy 10.6 GeV of e+e− collisions and
observed the decays of D∗s1(2700)
+ and D∗sJ(2860)
+ to
D∗K [9]. Their measured branching fraction relative to
DK decay modes are,
B(D∗s1(2700)+ → D∗K)
B(D∗s1(2700)+ → DK)
= 0.91± 0.13± 0.12, (1)
B(D∗sJ(2860)+ → D∗K)
B(D∗sJ(2860)+ → DK)
= 1.10± 0.15± 0.19. (2)
They also observed a new broad resonant structure in
the D∗K invariant mass distribution of unnatural parity
(0−, 1+, 2−, 3+, ...), having a mass 3044 ± 8+30−5 MeV/c2
and decay width 239 ± 35+46−42 MeV. In Ref. [10], the
BABAR Collaboration has been studied the final states
mass spectra of D+s pi
0, D+s γ and D
+
s pi
+pi−. And, recon-
struct the first orbital excited states of charmed strange
mesons D∗s0(2317)
± and Ds1(2460)±, using the data 232
fb−1 in e+e− → c¯c decay processes.
Table I shows the masses, decay widths and the spin-
parity of charmed strange mesons observed by the ex-
perimental groups BESIII [5], LHCb [7, 8], and BABAR
[9, 10]. Except DsJ(3040)
±, the JP (J is the total spin
and P is parity) value of all strange charmed mesons are
measured experimentally. Because of the limited statis-
tics, the angular distributions for this state have not been
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2Table I. The experimental results (masses and decay widths) from BES III(2019) [5], LHCb(2014) [7], LHCb(2012) [8],
BABAR(2009) [9], and BABAR(2006) [10] of strange charmed mesons (in MeV).
Meson BES III(2019) [5] LHCb(2014) [7] LHCb(2012) [8] BABAR(2009) [9] BABAR(2006) [10]
D∗s0(2317)
± 2319.6 ± 0.2 ± 1.4
<3.8
0+
Ds1(2460)
± 2460.1 ± 0.2 ± 0.8
<3.5
1+
Ds1(2536)
± 2537.7 ± 0.5 ± 3.1
1.7 ± 1.2 ± 0.6
1+
D∗s2(2573)
± 2570.7 ± 2.0 ± 1.7 2568.39 ± 0.29 ± 0.26
17.2 ± 3.6 ± 1.1 16.9 ± 0.5 ± 0.6
2+ 2+
D∗s1(2700)
± 2709.2 ± 1.9 ± 4.5 2710 ± 2+12−7
115.8 ± 7.3 ± 12.1 149 ± 7+39−52
1− 1−
D∗s1(2860)
± 2859 ± 12 ± 24 2866.1 ± 1.0 ± 6.3 2862 ± 2+5−2
159 ± 23 ± 77 69.9 ± 3.2 ± 6.6 48 ± 3 ± 6
1− 1− 1−
D∗s3(2860)
± 2860.5 ± 2.6 ± 6.5
53 ± 7 ± 7
3−
DsJ(3040)
± 3044 ± 8+30−5
239 ± 35+46−42
Unnatural
studied. For D∗s0(2317)
± and Ds1(2460)± the observed
masses are far lower than the corresponding results are
computed using different theoretical approaches. And
no one state observed near D∗s0(2317)
± and Ds1(2460)±
mass, are decaying into D+s pi
±. Also their charged or
neutral states are still not observed experimentally. As
it would be expected if the D∗s0(2317)
± and Ds1(2460)±
are candidates of tetraquark states. Theoretically, the
masses of D∗s0(2317)
± and Ds1(2460)± states are lies in
the range of 2.44 GeV to 2.55 GeV. There has been num-
bers of theoretical approaches developed in studying the
heavy-light meson spectroscopy in the recent decades.
D. Jiaa and W.-C. Dong derived the Regge-like mass
relation of excited singly heavy mesons [11]. In Ref. [12],
J.-K. Chen construct the radial and the orbital Regge
trajectories for heavy-light mesons by applying the Bohr-
Sommerfeld quantization approach, the semi-relativistic
approach by V. Kher et al. [13], the Godfrey-Isgur
(GI) relativized quark model [14], the GI model with
screened potential [15], the nonrelativistic constituent
quark model which proposed by Lakhina and Swanson
[16], the Quantum Chromodynamics (QCD) motivated
relativistic quark model [17], the mass loaded flux tube
model [18], the relativistic quark model including the
leading order corrections in 1/m [19], the Blankenbecler-
Sugar equation in the framework of heavy-light interac-
tion models [20], the lattice QCD [21] etc..
They have computed the excited states masses of
strange charmed mesons and predict its JP values, some
of are presented in Table II (the symbol N 2S+1LJ is
used to represent the meson quantum state; where N ,
L and S denote the radial, orbital and the intrinsic spin
quantum number respectively). The JP value assign-
ments are important for studying the decay properties of
the states. From the mass spectrum analysis of strange
charmed mesons we conclude some following points,
i. The two 1S states (Ds and D
∗
s) and the two 1P
states (Ds1(2536) and D
∗
s2(2573)) are theoretically
reproduced very well.
ii. The calculated masses of the statesD∗s0(2317)
± and
Ds1(2460)
± are overestimated to the experimental
measurements by simply assuming that they are
belongs to the charmed strange meson family.
iii. The D∗s1(2700)
± is measured with JP = 1− and
can be a good candidate for 23S1.
iv. The D∗s1(2860)
± and D∗s3(2860)
± are observed with
the total spin-1 and 3, with negative parity, respec-
3Table II. Spectra of strange charmed mesons obtained from different models (in MeV).
N 2S+1LJ JP Ref. [13] Ref. [14] Ref. [15] Ref. [16] Ref. [17] Ref. [18] Ref. [19] Ref. [20] Ref. [21]
11S0 0
− 1953 1979 1967 1969 1969 1965 1975 1968
13S1 1
− 2112 2129 2115 2107 2111 2113 2108 2123
21S0 0
− 2642 2673 2646 2640 2688 2700 2659
23S1 1
− 2732 2732 2704 2714 2731 2806 2722
31S0 0
− 3219 3154 3219 3044
33S1 1
− 3284 3193 3242 3087
13P0 0
+ 2438 2484 2463 2344 2509 2478 2487 2455 2390
11P1 1
+ 2529 2549 2531 2488 2536 2554 2605 2502 2556
13P1 1
+ 2541 2556 2532 2510 2574 2516 2535 2522 2617
13P2 2
+ 2569 2592 2571 2559 2571 2592 2581 2586 2734
23P0 0
+ 3022 3005 2960 2830 3054 3067 2901
21P1 1
+ 3081 3018 2979 2958 3067 3165 2928
23P1 1
+ 3092 3038 2988 2995 3154 3114 2942
23P2 2
+ 3109 3048 3004 3040 3142 3157 2980
33P0 0
+ 3541 3412 3346 3214
31P1 1
+ 3587 3416 3365 3234
33P1 1
+ 3596 3433 3461 3244
33P2 2
+ 3609 3439 3407 3283
13D1 1
− 2882 2899 2865 2804 2913 2714 2913 2838
11D2 2
− 2853 2900 2877 2788 2931 2827 2953 2845
13D2 2
− 2872 2926 2882 2849 2961 2789 2900 2856
13D3 3
− 2860 2917 2883 2811 2971 2903 2925 2857
23D1 1
− 3394 3306 3244 3217 3228 3144
21D2 2
− 3368 3298 3247 3217 3259 3167
23D2 2
− 3384 3323 3252 3260 3307 3172
23D3 3
− 3372 3311 3251 3240 3335 3157
13F2 2
+ 3208 3159 3230 2894 3224
11F3 3
+ 3186 3151 3254 3046 3247
13F3 3
+ 3218 3157 3266 3008 3203
13F4 4
+ 3190 3143 3300 3160 3220
tively. So they can be a good candidates for 1D
states.
v. The DsJ(3040)
± is observed with unnatural parity.
Theoretically, its mass is nearer to 2P1 lower and
higher state.
Here, we apply the heavy quark effective theory
(HQET) to discuss the quantum number assignments
of excited strange charmed mesons reported by BE-
SIII [5], LHCb [7, 8], and BABAR [9, 10]. HQET
was originally proposed to study the two body strong
interaction of heavy-light mesons with the emission of
light pseudoscalar mesons (pi, η, and K) [22–26]. In
HQET, the spin-flavor symmetry of the heavy quark
reduced the number of unknown parameters and the
heavy quark four-vector νµ in the superfield equations
conserved the strong interaction processes at the infi-
nite heavy quark mass limit, which makes it easier to
study the properties of heavy-light systems. In the
past two decades, many theoretical groups have success-
fully explained the properties of heavy-light mesons in
the framework of HQET [27–36]. In this paper, the
branching ratio among the strong decay widths predict
quantum states of Ds mesons D
∗
s0(2317)
±, Ds1(2460)±,
Ds1(2536)
±, D∗s2(2573)
±, D∗s1(2700)
±, and DsJ(3040)±.
Wang [37] says “if the chiral symmetry-breaking cor-
rections are small, the large ratio 1.10 ± 0.15 ±
0.19 requires that the D∗sJ(2860)
± consists of at least
four resonances, D∗s1(2860)
±, D∗s2(2860)
±, D∗′s2(2860)
±,
D∗s3(2860)
±”. This is the motivation of our present work.
Such an experimentally observed states are used to con-
struct the Regge trajectories in (J,M2) and (nr,M
2)
planes in the present study with their possible spin-parity
assignments. We fixed the slopes and intercepts of the
Regge lines and estimate the masses of higher excited Ds
mesons 13D3, 1
3F4, 1D2, 1F3, 1D
′
2, 1F
′
3, 3
3S1, and 3P1.
Moreover, their strong decay rates and the ratio among
the decay rates are also predicted. These predictions can
provide some crucial informations for upcoming experi-
mental studies.
This paper is divided into the following sections. Sec-
tion II describes the heavy quark effective theory formal-
ism used for the strong decays. Section III presents the
numerical analysis of the strong decay rates, where we
attempt to identify the spin and parity of experimentally
known excited strange charmed mesons. In section IV
we plot the Regge trajectories in (J,M2) and (nr,M
2)
planes using the masses from PDG [1]. Further, we ana-
4lyzed the strong decay rates and the ratios of 13D3, 1
3F4,
1D2, 1
1F3, 1D
′
2, 1F
′
3, 3
3S1, and 3
1P1 states lying on the
Regge lines. At last, in section V we summarized this
work.
II. THEORETICAL SETUP
In the heavy quark effective theory (HQET) the masses
of the light u, d, and s quarks, say mq, are small com-
pared to the scale of non-perturbative strong dynamics,
i.e. mq → 0 limit of QCD. In this limit QCD has chiral
symmetry, which can be used to predict some proper-
ties of hadrons containing these light quarks. And, the
heavy c and b quark masses are large compared to the
scale of non-perturbative strong dynamics, i.e. mQ →∞
limit of QCD. In this heavy quark mass limit QCD has
spin-flavor symmetry, which has important implications
for the determination of hadrons properties containing a
single heavy quark.
In the mQ → ∞ limit, the heavy quark spin SQ is
conserved. Therefore, the spin of the light degrees of
freedom is ~sl = ~sq¯ + ~l, where ~sq¯ and ~l are the spin and
the orbital angular momentum of the light antiquark re-
spectively [38]. The heavy-light mesons are classified in
doublets in mQ → ∞ limit corresponding to l = 0, 1, 2,
and 3 for S, P , D, and F waves respectively. For the
ground state, l = 0 (S-wave) gives ~sPl =
1
2
−
, has only
one doublet containing two states JPsl = (0
−, 1−) 1
2
− rep-
resented by (P, P ∗). For l = 1 (P -wave) has two dou-
blets ~sPl =
1
2
+
and ~sPl =
3
2
+
, have the spin-parity
JPsl = (0
+, 1+) 1
2
+ and JPsl = (1
+, 2+) 3
2
+ represented by
(P ∗0 , P
′
1) and (P1, P
∗
2 ) respectively. In the same way
for l = 2 (D-wave) ~sPl =
3
2
−
and ~sPl =
5
2
−
, having
JPsl = (1
−, 2−) 3
2
− and JPsl = (2
−, 3−) 5
2
− are represented
by (P ∗1 , P2) and (P
′
2, P
∗
3 ) respectively. And, for the F -
wave (l = 3), two doublets ~sPl =
5
2
+
and ~sPl =
7
2
+
, having
JPsl = (2
+, 3+) 5
2
+ and JPsl = (3
+, 4+) 7
2
+ are represented
by (P ′∗2 , P3) and (P
′
3, P
∗
4 ) respectively. The above sym-
bols (P, P ∗, ...) are used for radial quantum number n = 1
and the same classification follows for analogous doublet
for higher radial excitations (n = 2, 3, ...). For n = 2,
these symbols are denoted with dagger (P †, P †∗, ...) and
for n = 3 they are (P ‡, P ‡∗, ...). Hence, each doublet
contains two states (or two spin partners) with total spin
J = sl± 12 and parity P = (−1)l+1 and can be described
by the superfields Ha, Sa, Ta, Xa, Ya, Za, and Ra, given
by [34]
Ha =
1 + v/
2
[P ∗aµγ
µ − Paγ5], (3)
Sa =
1 + v/
2
[Pµ1aγµγ5 − P ∗0a], (4)
Tµa =
1 + v/
2
{
P ∗µν2a γν − P1aν
√
3
2
γ5
[
gµν − γ
ν(γµ − vµ)
3
]}
,
(5)
Xµa =
1 + v/
2
{
Pµν2a γ5γν−P ∗1aν
√
3
2
[
gµν−γ
ν(γµ + vµ)
3
]}
, (6)
Y µνa =
1 + v/
2
{
P ∗µνσ3a γσ − Pαβ2a
√
5
3
γ5
[
gµαg
ν
β −
gνβγα(γ
µ − vµ)
5
− g
µ
αγβ(γ
µ − vν)
5
]}
,
(7)
Zµνa =
1 + v/
2
{
Pµνσ3a γ5γσ − P ∗αβ2a
√
5
3[
gµαg
ν
β −
gνβγα(γ
µ + vµ)
5
− g
µ
αγβ(γ
µ + vν)
5
]}
,
(8)
Rµνρa =
1 + v/
2
{
P ∗µνρσ4a γ5γσ − Pαβτ3a
√
7
4[
gµαg
ν
βg
ρ
τ −
gνβg
ρ
τγα(γ
µ − vµ)
7
− g
µ
αg
ρ
τγβ(γ
ν − vν)
7
− g
µ
αg
ν
βγτ (γ
ρ − vρ)
7
]}
.
(9)
where a (= u, d or s) is the SU(3) light quark flavor
representation and ν gives the meson four velocity and
is conserved in strong interactions. The heavy meson
field operators P and P ∗ (see Eqs. (1) to (9)) contain a
factor
√
mQ having a mass dimension
3
2 , which annihilate
the mesons with four-velocity ν. The field Ha is for S-
wave doublet (P, P ∗), fIelds Sa and Ta are for P -wave
doublets ~sPl =
1
2
+
and ~sPl =
3
2
+
respectively. The fields
Xa and Ya are for D-wave doublets J
P
sl
= (1−, 2−) 3
2
−
and JPsl = (2
−, 3−) 5
2
− respectively, and the fields Xa and
Ya represents the F -wave doublets J
P
sl
= (2+, 3+) 5
2
+ and
JPsl = (3
+, 4+) 7
2
+ respectively. The light pseudoscalar
mesons are described by the fields ξ = e
iM
fpi , where fpi =
130.2 MeV is the pion decay constant and M is written
in the form of 3×3 matrix as
M =

1√
2
pi0 + 1√
6
η pi+ K+
pi− − 1√
2
pi0 + 1√
6
η K0
K− K¯0 −
√
2
3
η
 . (10)
In the leading order approximation, the effective heavy
meson chiral Lagrangians LH , LS , LT , LX LY , LZ ,
and LR describe the two body strong interactions by an
exchange of light pseudoscalar mesons are taken from
[24, 34],
LH = gHTr[H¯aHbγµγ5Aµba], (11)
LS = gSTr[H¯aSbγµγ5Aµba] +H.C., (12)
5LT = gT
Λχ
Tr[H¯aT
µ
b (iDµ 6A+ i 6DAµ)baγ5] +H.C., (13)
LX = gX
Λχ
Tr[H¯aX
µ
b (iDµ 6A+ i6DAµ)baγ5] +H.C., (14)
LY = 1
Λ2χ
Tr[H¯aY
µν
b [k
Y
1 {Dµ, Dν}Aλ
+ kY2 (DµDλAν +DνDλAµ)]baγλγ5] +H.C.,
(15)
LZ = 1
Λ2χ
Tr[H¯aZ
µν
b [k
Z
1 {Dµ, Dν}Aλ
+ kZ2 (DµDλAν +DνDλAµ)]baγλγ5] +H.C.,
(16)
LR = 1
Λ3χ
Tr[H¯aR
µνρ
b [k
R
1 {Dµ, Dν , Dρ}Aλ
+ kR2 ({Dµ, Dρ}DλAν
+ {Dν , Dρ}DλAµ{Dµ, Dν}DλAρ)]baγλγ5
+H.C.,
(17)
where Vµba = 12 (ξ†∂µξ + ξ∂µξ†)ba and Aµba = i2 (ξ†∂µξ −
ξ∂µξ
†)ba are the vector and axial-vector currents. The
operator, Dµba = −δba∂µ + Vµba. Here, {Dµ, Dν} =
DµDν +DνDµ and {Dµ, Dν , Dρ} = DµDνDρ +DµDρDν +
DνDµDρ +DνDρDµ +DρDµDν +DρDνDµ. Λχ is the chi-
ral symmetry breaking scale and is fixed to 1 GeV. The
mass parameters δmS = mS − mH , δmT = mT − mH ,
δmX = mX −mH , δmY = mY −mH , δmZ = mZ −mH ,
and δmR = mR −mH represent the mass splittings be-
tween the higher and the lower mass doublets described
by the field Ha (see Eq. (3)). The strong running
coupling constants gH , gS , gT , gX , gY = k
Y
1 + k
Y
2 ,
gZ = k
Z
1 + k
Z
2 , and gR = k
R
1 + k
R
2 can be fitted to the
experimental data. The gH controls the S-wave decays,
gS and gT are govern the P -wave decays, gX and gY
and describe the D-wave decays and, gZ and gR and are
responsible for the F -wave decays. The heavy meson chi-
ral Lagrangians with subscript notations H,S, T,X, Y, Z,
and R indicate the interaction between the super-field
H and super-fields H,S, T,X, Y, Z, and R, respectively.
Refs. [39, 40] studied the charmed mesons strong de-
cays of heavy mesons with the emission of light vector
mesons (ρ, ω, K∗, and φ). Such a chiral Lagrangians can
determine the expressions of strong decays of heavy-light
mesons into the lower mass charged and neutral charmed
mesons along with the light pseudoscalar mesons (pi, η,
and K),
I. Decaying S-wave doublet (P, P ∗) or (P †, P †∗) or
(P ‡, P ‡∗):
Γ(P †∗ → P ∗P) = CP g
2
H
3pif2pi
MP∗
MP †∗
|~PP |
3
(18)
Γ(P †∗ → PP) = CP g
2
H
6pif2pi
MP
MP †∗
|~PP |
3
(19)
Γ(P ‡∗ → P ∗P) = CP g
2
H
3pif2pi
MP∗
MP ‡∗
|~PP |
3
(20)
Γ(P ‡∗ → PP) = CP g
2
H
6pif2pi
MP
MP ‡∗
|~PP |
3
(21)
II. Decaying P -wave doublets (P ∗0 , P
′
1) and (P1, P
∗
2 )
or (P †∗0 , P
†′
1 ) and (P
†
1 , P
†∗
2 ) or (P
‡∗
0 , P
‡′
1 ) and
(P ‡1 , P
‡∗
2 ):
Γ(P ′1 → P1P) = CP
g2S
2pif2pi
MP1
MP ′1
[m2P + |~PP |
2
]|~PP | (22)
Γ(P ∗0 → PP) = CP
g2S
2pif2pi
MP
MP∗0
[m2P + |~PP |
2
]|~PP | (23)
Γ(P †′1 → P ∗P) = CP
g2S
2pif2pi
MP∗
MP †′1
[m2P + |~PP |
2
]|~PP | (24)
Γ(P ‡′1 → P ∗P) = CP
g2S
2pif2pi
MP∗
MP ‡′1
[m2P + |~PP |
2
]|~PP | (25)
Γ(P ∗2 → P ∗P) = CP
2g2T
5pif2pi
MP∗
MP∗2
|~PP |
5
(26)
Γ(P ∗2 → PP) = CP
4g2T
15pif2pi
MP
MP∗2
|~PP |
5
(27)
Γ(P1 → P ∗P) = CP 2g
2
T
3pif2pi
MP∗
MP1
|~PP |
5
(28)
Γ(P †1 → P ∗P) = CP
2g2T
3pif2pi
MP∗
MP †1
|~PP |
5
(29)
III. Decaying D-wave doublets (P ∗1 , P2) and (P
′
2, P
∗
3 ):
Γ(P2 → P ∗P) = CP 2g
2
X
3pif2pi
MP∗
MP2
[m2P + |~PP |
2
]|~PP |3 (30)
Γ(P ∗1 → P ∗P) = CP
2g2X
9pif2pi
MP∗
MP∗1
[m2P + |~PP |
2
]|~PP |3 (31)
Γ(P ∗1 → PP) = CP
4g2X
9pif2pi
MP
MP∗1
[m2P + |~PP |
2
]|~PP |3 (32)
Γ(P ∗3 → P ∗P) = CP
16g2Y
105pif2pi
MP∗
MP∗3
|~PP |
7
(33)
Γ(P ∗3 → PP) = CP
4g2Y
35pif2pi
MP
MP∗3
|~PP |
7
(34)
Γ(P ′2 → P ∗P) = CP
4g2Y
15pif2pi
MP∗
MP ′2
|~PP |
7
(35)
6Table III. The strong decay widths of strange charmed mesons with possible quantum state assignments (in MeV).
Meson N 2S+1LJ Decay mode BES III(2019) [5] LHCb(2014) [7] LHCb(2012) [8] BABAR(2009) [9] BABAR(2006) [10]
D∗s0(2317)
± 13P0 D0K± −
D±K0 −
D±s pi
0 128.19g2S
D±s η
0 −
Ds1(2460)
± 1P1 D∗0K± −
D∗±K0 −
D∗±s pi
0 128.36g2S
D∗±s η
0 −
Ds1(2536)
± 1P ′1 D
∗0K± 1.56g2T
D∗±K0 0.91g2T
D∗±s pi
0 35.90g2T
D∗±s η
0 −
D∗s2(2573)
± 13P2 D∗0K± 4.78g2T 4.38g
2
T
D∗±K0 3.65g2T 3.31g
2
T
D∗±s pi
0 62.36g2T 60.84g
2
T
D∗±s η
0 − −
D0K± 54.99g2T 53.40g
2
T
D±K0 51.92g2T 50.38g
2
T
D±s pi
0 71.18g2T 69.95g
2
T
D±s η
0 1.26g2T 1.13g
2
T
D∗s1(2700)
± 23S1 D∗0K± 374.92g2H 377.20g
2
H
D∗±K0 356.82g2H 359.08g
2
H
D∗±s pi
0 337.68g2H 338.88g
2
H
D∗±s η
0 29.99g2H 30.74g
2
H
D0K± 409.27g2H 410.77g
2
H
D±K0 401.28g2H 402.77g
2
H
D±s pi
0 281.80g2H 282.56g
2
H
D±s η
0 117.88g2H 118.64g
2
H
D∗s1(2860)
± 13D1 D∗0K± 351.04g2X 367.30g
2
X 357.86g
2
X
D∗±K0 340.20g2X 356.19g
2
X 346.90g
2
X
D∗±s pi
0 170.67g2X 177.70g
2
X 173.62g
2
X
D∗±s η
0 85.35g2X 91.58g
2
X 87.95g
2
X
D0K± 1447.94g2X 1498.51g
2
X 1469.17g
2
X
D±K0 1418.83g2X 1468.69g
2
X 1439.80g
2
X
D±s pi
0 669.92g2X 692.17g
2
X 679.25g
2
X
D±s η
0 504.50g2X 527.93g
2
X 514.32g
2
X
D∗s3(2860)
± 13D3 D∗0K± 49.63g2Y
D∗±K0 46.52g2Y
D∗±s pi
0 46.21g2Y
D∗±s η
0 4.52g2Y
D0K± 127.57g2Y
D±K0 123.29g2Y
D±s pi
0 92.86g2Y
D±s η
0 24.47g2Y
D∗sJ(3040)
± 2P1 D∗0K± 3779.96g2S
D∗±K0 3750.19g2S
D∗±s pi
0 1595.61g2S
D∗±s η
0 1938.16g2S
D∗sJ(3040)
± 2P ′1 D
∗0K± 1999.37g2T
D∗±K0 1943.32g2T
D∗±s pi
0 1258.69g2T
D∗±s η
0 596.28g2T
7IV. Decaying F -wave doublets (P ′∗2 , P3) and (P
′
3, P
∗
4 ):
Γ(P3 → P ∗P) = CP 4g
2
Z
15pif2pi
MP∗
MP3
[m2P + |~PP |
2
]|~PP |5
(36)
Γ(P ∗4 → P ∗P) = CP
4g2R
7pif2pi
MP∗
MP∗4
|~PP |9 (37)
Γ(P ∗4 → PP) = CP
16g2R
35pif2pi
MP
MP∗4
|~PP |9 (38)
In the above expressions of decay width, the ratio
MPb
MPa
define the the mass of the product charmed meson to
the incoming Ds meson, for the decay Pa → Pb +
P. P is the emitting light peudoscalar mesons (pi, η,
and K) in the strong decay processes. The coefficient
CP of light peudoscalar mesons are: Cpi± , CK± = 1,
Cpi0 =
1
2 , and Cη =
2
3 . And its final momentum
is, |~PP | =
√
M2Pa+M
2
Pb
+m2P−2MPaMPb−2MPamP−2MPbmP
2Mpa
;
where MPa , MPb and mP are their respective masses.
The pion decay constant is fpi = 130.2 MeV [1]. The
masses of the light pseudoscalar mesons and the ground
state charmed mesons are taken from PDG [1]: Mpi± =
139.57 MeV, Mpi0 = 134.98 MeV, MK± = 493.68 MeV,
MK0 = 497.61 MeV, Mη = 547.86 MeV, MD± = 1869.65
MeV, MD0 = 1864.84 MeV, MD∗± = 2010.26 MeV,
MD∗0 = 2006.85 MeV, MD±s = 1969.0 MeV, MD∗±s =
2112.2 MeV. In the heavy quark mass limit, the higher
order corrections for spin and flavor violation of order
1
mQ
are not taken into consideration in the present study
to avoid introducing new unknown coupling constants.
We expect that the corrections would not be larger than
(or as large as) the leading order contributions.
III. NUMERICAL ANALYSIS
The numerical values of the strong decay rates
of the excited strange charmed mesons D∗s0(2317)
±,
Ds1(2460)
±, Ds1(2536)±, D∗s2(2573)
±, D∗s1(2700)
±,
D∗s1(2860)
±, D∗s3(2860)
±, and D∗sJ(3040)
± observed by
the BESIII [5], LHCb [7, 8], and BABAR [9, 10] Col-
laborations are presented in Table III, where the strong
decay widths are retain in the form of square of the cou-
plings gH , gS , gT , gX , gY , gZ , and gR. Without enough
experimental informations it is impossible to determine
their values with heavy quark effective theory. The run-
ning experimental facilities LHCb, BESIII, KEK-B, and
the future project PANDA [41, 42] are expected to fit
such a strong couplings and can be studied the heavy me-
son interactions in near future. Theoretically, the Refs.
[43, 44] have used the combined approach of heavy me-
son chiral perturbation theory with heavy quark effective
theory and extracted the coupling gH for the decays of
D∗0, D∗+, D∗s to Dpi mode. The Refs. [39, 45–47] are
mainly focus on the coupling constants gH , gS , and gT
for the ground state S and P -wave heavy mesons, and
the works on other strong couplings are rare [48]. The
ratios of the strong decay rates are analyzed in the fol-
lowing subsections, which classified the strange charmed
mesons according to their total spin and parity.
A. D∗s0(2317) and Ds1(2460)
For D∗s0(2317)
± as 13P0, the calculated strong decay
rate into D∗±s pi
0 mode is 128.19g2S MeV. Experimentally,
BABAR [10] measured the decay width < 3.8 MeV of
D∗s0(2317)
±, and from PDG [1] its branching fraction
into D∗±s pi
0 is 100+0−20% to the total decay rate. So the
coupling gS can evaluate directly by equating our re-
sult with experimental measurement. Hence, we write
128.19g2S < 3.8, gives
gS . 0.17. (39)
Many theoretical studies [13, 14, 49–52] have com-
puted the radiative electric dipole (E1) transition width
of D∗s0(2317)
±, which is determine in the range of 0.6
KeV to 9 KeV. Therefore, the ratio
B(D∗s0(2317)± → D∗s (2112)±γ)
B(D∗s0(2317)± → D±s pi0)
. 2.37× 10−3, (40)
that is under the limit of CLEO [53] measurement
<0.059, and measurements of the Belle [54] and BABAR
[10] Collaborations < 0.18 and < 0.16 respectively. For
Ds1(2460)
± as 1P1, its strong decay rate into D∗±s pi
0
mode is 128.36g2S MeV. Using gS . 0.17, we get the
strong decay width . 3.8, which is compatible with the
BABAR measurement < 3.5 [10]. Moreover, V. Kher et
al. computed its magnetic dipole (M1) transition width
4.9×10−2 KeV into D∗s0(2317)± mode [13]. So
B(Ds1(2460)± → D∗s0(2317)±γ)
B(Ds1(2460)± → D∗±s pi0)
. 1.29× 10−2, (41)
and is under the limit of BABAR [55] result <0.22.
Therefore, from the strong decay analysis and the theo-
retical predictions of the E1 and M1 transition width, we
believed thatD∗s0(2317)
± andDs1(2460)± are of charmed
strange mesons family. Hence,
(
D∗s0(2317), Ds1(2460)
)
= (0+, 2+) 1
2
+ =
(
13P0, 1P1
)
. (42)
B. Ds1(2536) and D
∗
s2(2573)
Here, the ratio among the strong decay rates avoid the
unknown hadronic couplings and are compared with ex-
8perimental observations where available. For Ds1(2536)
as 1P ′1, the ratio
B(Ds1(2536)± → D∗(2007)0K±)
B(Ds1(2536)± → D∗(2010)±K0) > 1, (43)
is calculated using the results of Table III and is consis-
tent with the PDG world average value 1.18 ± 0.06 and
other experimental observations [1]. And, for its spin
partner D∗s2(2573), the ratio
B(D∗s2(2573)± → D∗(2007)0K±)
B(D∗s2(2573)± → D0K±)
≈ 0.09, (44)
agree with the argument of the CLEO Collaboration [56]
D0K± mode is dominant over D∗(2007)0K±. Hence,
Ds1(2536) and D
∗
s2(2573) are well established as a 1P
state with ~sPl =
3
2
+
. We write
(
Ds1(2536), D
∗
s2(2573)
)
= (1+, 2+) 3
2
+ =
(
1P ′1, 1
3P2
)
. (45)
C. D∗s1(2700)
After the discovery of comprised two overlapping states
D∗s1(2860)
± and D∗s3(2860)
± with total spin 1− and 3−
respectively by LHCb [10], many experimental and the-
oretical studies are argued that D∗s1(2700)
± is the 23S1
state and the states D∗s1(2860)
± and D∗s3(2860)
± are of
13D1 and 1
3D3 respectively [7, 15, 57–59]. For D
∗
s1(2700)
as 23S1, the ratio
B(D∗s1(2700)± → D∗0K±)
B(D∗s1(2700)± → D0K±)
≈ 0.9, (46)
is calculated using the results of Table III and is agree-
ment with the measurements 0.88 ± 0.14 ± 0.14 and 0.91
± 0.13 ± 0.12 of [9]. Therefore, the state D∗s1(2700)±
with 23S1 is dominant in DK mode and is accessible
with the experimental measurements. So we write,
D∗s1(2700)
± = (1−) 1
2
− =
(
23S1
)
. (47)
Its spin partner, JPsl = (0
−) 1
2
− of n = 2, is still not
observed experimentally.
D. D∗s1(2860) and D
∗
s3(2860)
The ratio for D∗s1(2860)
± as 13D1 is,
B(D∗s1(2860)± → D∗0K±)
B(D∗s1(2860)± → D0K±)
≈ 0.24, (48)
compatible with 0.16 of B. Zhang et al. using 3P0 model
[60]. Also Q. T. Song et al. used 3P0 model and deter-
mined its range 0.46 ∼ 0.70 [15]. The relativistic quark
model by Godfrey and Jardine obtained the value 0.34.
For D∗s3(2860)
± as 13D3, it is
B(D∗s3(2860)± → D∗0K±)
B(D∗s3(2860)± → D0K±)
≈ 0.39. (49)
The strong decays analysis of D∗s1(2860)
± and
D∗s3(2860)
±, can be confronted with the future exper-
imental data. Considering D∗s1(2860)
± as 13D1 and
D∗s1(2860)
± as 13D3, our calculated branching ratios are
much smaller than the BABAR measurements (see in 2
and 4) [9]. Such a large ratio indicates D∗sJ(2860) con-
sists of at least four resonances D∗s1(2860), D
∗
s2(2860),
D∗′s2(2860), and D
∗
s3(2860). The states with total spin-2
near ≈ 2.86 GeV mass region still not found experimen-
tally.
E. DsJ(3040)
The DsJ(3040) has only been observed in D
∗K mode
implies that it is of unnatural parity state. The predicted
masses for the 2P1 and 2P
′
1 states are nearer to the ob-
served mass (see in Table II ). In Ref. [14], Godfrey and
Moats conclude that the 43% of 2P1 state decay to D
∗K
final state to the total decay rates and for 2P ′1 it is 35%.
The mixing angle θ between them is determined as,(
2P1
2P ′1
)
=
(
cos θ −sin θ
sin θ cos θ
)(
21P1
23P ′1
)
, (50)
using the calculated masses 3018 MeV and 3038 MeV
for 2P1 and 2P
′
1 respectively. We straightforward to con-
clude that DsJ(3040)
± is the admixture of 2P1 and 2P ′1,
with mixing angle θ = 56.79◦, corresponding to 54.77%
of the 2P1 state and 45.23% of the 2P
′
1 state.
Di Pierro and Eichten predicted the total decay width
Γ ≈ 210 MeV of 2P1 close to the experimental measure-
ment, and for the 2P ′1 state Γ ≈ 51 MeV [19]. Colan-
gelo and De Fazio [30] argued that for DsJ(3040) the
decay width of 2P1 state is more compatible rather than
2P ′1. Sun and Liu [61] categorized DsJ(3040) as a 1
+
state belonging to the (0+, 1+) doublet. In the present
study, comparing the total decay width of DsJ(3040)
±
for 2P1 and 2P
′
1 with experimentally observed width, we
obtained the couplings gS ≈ 0.15 (consistent with Eq.
(39)) and gT ≈ 0.20. It is important to note that the de-
cay of DsJ(3040)
± to the ground state charmed mesons
with emission of light vector mesons (ρ, ω, K∗, and φ)
and the low-lying P -wave decay modes are not taking
into the consideration to the total decay width. We ob-
tained the branching ratio ≈ 0.36 for 2P1 while for 2P ′1
it is ≈ 0.33 to the decay D∗K. Therefore, DsJ(3040)
is reasonable to interpret as 2P1 state (or the mixing of
2P1 and 2P
′
1 states, but 2P1 is favorable). This state has
been studied by many theoretical groups [16, 30, 61–64].
More experimental statistics are needed to clear out the
image of D∗sJ(2860) and DsJ(3040) mesons specially.
9Table IV. Quantum number assignment of the experimentally
observed excited Ds mesons through strong decays analysis.
Exp. [1] (in GeV) JP N 2S+1LJ
2.318 D∗s0(2317)
± 0+ 13P0
2.460 Ds1(2460)
± 1+ 1P1
2.535 Ds1(2536)
± 1+ 1P ′1
2.569 D∗s2(2573)
± 2+ 13P2
2.708 D∗s1(2700)
± 1− 23S1
2.859 D∗s1(2860)
± [7] 1− 13D1
2.860 D∗s3(2860)
± [7] 3− 13D3
3.044 DsJ(3040)
± [9] 1+ 2P1
Table V. Fitted parameters of the Ds mesons parent and
daughter Regge trajectories in (J,M2) plane with natural and
unnatural parity.
α (GeV−2) α0 α (GeV−2) α0
Parent 0.46753 -1.08583 0.46026 -1.78442
Daughter − − 0.39211 -1.52018
IV. REGGE TRAJECTORY
One of the most important features of Regge theory is
the Regge trajectory by which the mass and the spin of a
hadron are related [65]. Our tentative assignment of spin-
parity of the excited strange charmed mesons are listed in
Table IV, including D∗s1(2860)
± as 13D1 and D∗s3(2860)
±
as 13D3, with their respective PDG [1] world average
masses. Using the data from Table IV, we construct the
Regge trajectories in (J,M2) and (nr,M
2) planes by us-
ing the following equations:
I. the Regge trajectory in (J,M2) plane,
J = αM2 + α0; (51)
II. and the Regge trajectory in (nr,M
2) plane,
nr = βM
2 + β0; (52)
where α and β are slopes and α0 and β0 are intercepts.
J is the total spin, nr(= n − 1) = 0, 1, 2, ... is the radial
principal quantum number, and M2 is the square mass
of the Ds mesons. In Fig. 1, we plot the Regge trajec-
tories in (J,M2) plane with natural (0+, 1−, 2+, 3−, ...)
and unnatural parity (0−, 1+, 2−, 3+, ...) of the total spin
J , and the Regge trajectories in (nr,M
2) plane are pre-
sented in Figure 2. In (nr,M
2) plane, the Ds1(2460)
±
and Ds1(2536)
± mesons has a same origin D+s .
The Regge slopes and the intercepts of the Regge lines
are extracted (see in Tables V and VI), and they are as-
sumed to be same for all Ds meson multiplets lying on
the single Regge line. Not only for spectroscopy pur-
pose, the slopes and the intercepts of the Regge tra-
jectories has also a fundamental importance in hadron
Figure 1. Regge trajectories of strange charmed mesons in
(J,M2) plane with natural parity (upper) and unnatural par-
ity (lower).
Figure 2. Regge trajectories of strange charmed mesons in
(n,M2) plane.
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Table VI. Fitted parameters of the Ds mesons Regge trajec-
tories in (nr,M
2) plane.
Meson β (GeV−2) β0
D∗±s 0.34801 -1.5526
Ds1(2460)
± 0.31092 -1.88093
Table VII. The masses of strange charmed mesons (in GeV)
lying on the 13S1 and 1
1S0 Regge lines in (J,M
2) plane.
State 13S1 1
3P2 1
3D3 1
3F4
Present 2.112 [1] 2.569 [1] 2.956 3.298
Ref. [14] 2.129 2.529 2.917 3.113
Ref. [15] 2.115 2.571 2.883 3.143
Ref. [17] 2.111 2.571 2.971 3.300
Ref. [19] 2.113 2.581 2.925 3.220
State 11S0 1P1 1D2 1F3
Present 1.969 [1] 2.460 [1] 2.867 3.224
Ref. [14] 1.979 2.549 2.900 3.108
Ref. [15] 1.967 2.529 − −
Ref. [17] 1.969 2.574 2.961 3.266
Ref. [19] 1.965 2.605 2.953 3.247
State 11S0 1P
′
1 1D
′
2 1F
′
3
Present 1.969 [1] 2.535 [1] 2.996 3.395
Ref. [14] 1.979 2.556 2.926 3.218
Ref. [15] 1.967 2.534 − −
Ref. [17] 1.969 2.536 2.931 3.254
Ref. [19] 1.965 2.535 2.900 3.203
physics [66]. Based on these parameters, we estimate the
masses of higher radial and orbital excited states (13D3,
13F4, 1
1D2, 1
1F3, 1D
′
2, 1F
′
3, 3
3S1, and 3
1P1) lying on
these Regge trajectories, which are presented in Tables
VII and VIII with other theoretical predictions. Our
results are reasonably close to the predictions of Refs.
[14, 15, 17, 19]. Their strong decays into light psudoscalar
mesons (pi, K, and η) are calculated, which are presented
Table VIII. The masses of strange charmed mesons (in GeV)
lying on the 13S1 and 1P1 Regge lines in (nr,M
2) plane.
State 13S1 2
3S1 3
3S1
Present 2.112 [1] 2.708 [1] 3.195
Ref. [14] 2.129 2.732 3.193
Ref. [17] 2.111 2.731 3.242
Ref. [19] 2.113 2.806 3.345
State 1P1 2P1 3P1
Present 2.460 [1] 3.044 [1] 3.533
Ref. [14] 2.549 3.018 3.416
Ref. [17] 2.574 3.154 3.618
Ref. [19] 2.605 3.165 −
Table IX. The strong decay widths (in MeV) and the ratios
Γˆ = Γ
Γ
(
N2S+1LJ→D∗0K±
) of the strange charmed mesons lying
on the Regge lines with possible quantum number assignment.
N 2S+1LJ Decay Decay Ratio
mode width Γˆ
13D3 D
∗0K± 127.02g2Y 1
D∗±K0 120.87g2Y 0.95
D∗±s pi
0 96.65g2Y 0.76
D∗±s η 20.01g
2
Y 0.16
D0K± 258.78g2Y 2.04
D±K0 251.54g2Y 1.98
D±s pi
0 169.72g2Y 1.34
D±s η 63.97g
2
Y 0.5
13F4 D
∗0K± 4333.97g2R 1
D∗±K0 4191.62g2R 0.97
D∗±s pi
0 2519.92g2R 0.58
D∗±s η 1158.24g
2
R 0.27
D0K± 7428.53g2R 1.71
D±K0 7262.69g2R 1.68
D±s pi
0 4167.22g2R 0.96
D±s η 2405.38g
2
R 0.56
1D2 D
∗0K± 1111.70g2X 1
D∗±K0 1078.20g2X 0.97
D∗±s pi
0 537.35g2X 0.48
D∗±s η 278.52g
2
X 0.25
1F3 D
∗0K± 1919.35g2Z 1
D∗±K0 1875.56g2Z 0.98
D∗±s pi
0 886.78g2Z 0.46
D∗±s η 655.12g
2
Z 0.34
1D′2 D
∗0K± 311.60g2Y 1
D∗±K0 297.87g2Y 0.96
D∗±s pi
0 223.45g2Y 0.72
D∗±s η 57.06g
2
Y 0.18
33S1 D
∗0K± 2641.09g2H 1
D∗±K0 2609.54g2H 0.99
D∗±s pi
0 1468.44g2H 0.56
D∗±s η 1267.05g
2
H 0.48
D0K± 1684.57g2H 0.64
D±K0 1672.93g2H 0.63
D±s pi
0 919.94g2H 0.35
D±s η 880.24g
2
H 0.33
3P1 D
∗0K± 9113.52g2S 1
D∗±K0 9082.23g2S 0.99
D∗±s pi
0 4103.49g2S 0.45
D∗±s η 5408.97g
2
S 0.59
in Table IX with the ratio, Γˆ = Γ
Γ
(
N 2S+1LJ→D∗0K±
) ,
among the decay widths. Only the natural parity states
13D3, 1
3F4, and 3
3S1 can decay strongly to D
∗K and
DK modes. From the strong decay analysis, we conclude
that the strange charmed mesons 11D2, 1
1F3, 1D
′
2, 3
3S1,
and 31P1 are dominantly to decay in D
∗K mode. The
Regge trajectories with unnatural parity predicted the
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masses of the states D∗s2(2860)
+ (1D2) and D
∗′
s2(2860)
+
(1D′2) as 2.867 GeV and 2.996 GeV respectively. The
ratio,
B(D∗s1(2860)± → D∗0K±) + B(D∗′s2(2860)± → D∗0K±)
B(D∗s1(2860)± → D0K±)
≈ 1,
(53)
is calculated using the results of Tables III and IX, which
is consistent with the BABAR measurement 1.10 ± 0.15
± 0.19 [9] (see in Eq. (2)) and the theoretical predic-
tion 0.99 ± 0.05 [31]. The ratio in Eq. (53) considering
the two contributions, D∗s1(2860)
± and D∗′s2(2860)
±. In
2014, the LHCb Collaboration has found the overlapping
of spin-1 and spin-3 at mass D¯0K− ≈ 2.86 GeV with
a significance of more than 10 standard deviation [7].
Wang [37] conclude that D∗sJ(2860) might consist of at
least four resonances D∗s1(2860), D
∗
s2(2860), D
∗′
s2(2860),
D∗s3(2860), and that is requires for the large ratio 1.10
± 0.15 ± 0.19. Using the strong decay rates of 13D1
from Tables III and 11D2, 1D
′
2 1
3D3 from Table IX, we
compute the ratio,
B(D∗s1(2860)± → D∗0K±) + B(D∗′s2(2860)± → D∗0K±) + B(D∗s2(2860)± → D∗0K±) + B(D∗s3(2860)± → D∗0K±)
B(D∗s1(2860)± → D0K±) + B(D∗s3(2860)± → D0K±)
≈ 1.11,
(54)
that is more reliable with the experimental value 1.10
± 0.15 ± 0.19 [9]. The couplings, gX and gY ≈ 0.2, ob-
tained by comparing the total decay width of D∗s1(2860)
±
as 13D1 and D
∗
s3(2860)
± as 13D3 with their respective
experimental measurements 159 ± 23 ± 27 MeV and
53 ± 7 ± 7 MeV [7]. Godfrey and Moats [14] deter-
mine the total decay width 197.2 MeV of 13D1 and 46
MeV of 13D3, contributing only their decays to ground
state charmed mesons plus light pseudoscalar mesons
(pi, η, and K), and are consistent with the LHCb [7].
Here, we used the mass 2.956 GeV of D∗s3(2860)
± pre-
dicted in Table VII. Experimentally, the mass difference
MD∗s1(2860)±−MD∗s3(2860)± ≈ 1 GeV, is very much smaller
than the theoretical predictions (see in Table II). For such
a large ratio, 1.10 ± 0.15 ± 0.19, the mass of D∗s3(2860)±
should be expected to higher than 2.86 GeV.
V. SUMMARY
In this article, the excited strange charmed mesons
D∗s0(2317)
±, Ds1(2460)±, Ds1(2536)±, D∗s2(2573)
±,
D∗s1(2700)
±, D∗s1(2860)
±, D∗s3(2860)
±, and D∗sJ(3040)
±
(observed by the various the experimental groups BE-
SIII [5], LHCb [7, 8], and BABAR [9, 10]) are exam-
ined as 13P0, 1P1, 1P
′
1, 1
3P2, 2
3S1, 1
3D1, 1
3D3, and 2P1
or 2P ′1, respectively according to their masses, spin and
parity. Then we apply HQET to calculate their strong
decays into ground state charmed mesons along with
light pseudoscalar mesons. The strong decay rates and
the branching ratio among decay widths confirmed the
states D∗s0(2317) and Ds1(2460) are belonging to isodou-
blet (13P0, 1P1), and the states Ds1(2536) and D
∗
s2(2573)
are from (1P ′1, 1
3P2). The D
∗
s1(2700) is confirmed as a
first excited states of S-wave with JP = 1+. The calcu-
lated branching ratio D
∗K
DK for D
∗
s1(2860) with 1
3D1 is ≈
0.24, much smaller than the BABAR measurement 1.10
± 0.15 ± 0.19 [9]. After the observation of LHCb Collab-
oration [7], overlapping of spin-1 and spin-3 components
(i.e. the states D∗s1(2860) and D
∗
s3(2860) respectively),
Wang [37] argued that the large ratio 1.10 ± 0.15 ± 0.19
requires D∗sJ(2860) consists of at least four resonances,
D∗s1(2860), D
∗
s2(2860), D
∗′
s2(2860), D
∗
s3(2860). Experi-
mentally, the Ds meson of total spin-2 with unnatural
parity is not observed yet. Using the quantum number
assignments of D∗s0(2317)
±, Ds1(2460)±, Ds1(2536)±,
D∗s2(2573)
±, D∗s1(2700)
± as 13P0, 1P1, 1P ′1, 1
3P2, and
23S1 respectively from Table IV, and states D
∗
s1(2860)
±
and D∗s3(2860)
± with JP = 1− and 3− of 1D family from
PDG [1], we construct the Regge trajectories in (J,M2)
plane with natural and unnatural parities. Fixing the
slopes and the intercepts of the straight Regge lines in
(J,M2) plane, we estimate the masses of 13D3, 1
3F4,
1D2, 1F3, 1D
′
2, and 1F
′
3 strange charmed mesons. The
strong decays of 13D3 from Table III and, 1
3D3, 1D2,
1D′2 from Table IX, we determine the branching ratio
D∗K
DK ≈ 1.11, that is in agreement with 1.10 ± 0.15 ±
0.19 [9].
The D∗sJ(3040)
± is the good candidate for 2P1 and 2P ′1
states. Using the masses 3018 MeV and 3038 MeV cal-
culated by Godfrey and Moats for 2P1 and 2P
′
1 states,
we identify D∗sJ(3040)
± as a mixed state. We obtained
the mixing angle θ = 56.79◦, corresponding to 54.77%
of the 2P1 state and 45.23% of the 2P
′
1 state. For 2P1,
our calculated branching ratio of D∗K mode to the total
decay width is ≈ 0.36, while for 2P ′1 it is ≈ 0.33. There-
fore, the state 2P1 is more favorable for D
∗
sJ(3040). The
D∗sJ(3040)
± with 2P1 we construct the Regge trajecto-
ries in (nr,M
2) plane. We estimate the masses of 33S1
and 3P1 strange charmed mesons by fixing the slopes
and the intercepts of the Regge lines in (nr,M
2) plane.
The masses of 13D3 and 1
3F4 states are in well agree-
ment with the results of D. Ebert et al. [17], and for
33S1 state our prediction 3.195 is very near to Godfrey
and Moats result [14]. From the strong decay rates and
the ratio Γˆ = Γ
Γ
(
N 2S+1LJ→D∗0K±
) , we conclude that the
states 1D2, 1F3, 1D
′
2, 3
3S1, and 3P1 are dominant in
12
D∗K mode, and the states 13D3, 13F4 are dominant in
DK mode. Thus these predictions have opened a win-
dow to investigate higher excitation of strange charmed
mesons at LHCb, BESIII, KEK-B etc., and the future
facilities Belle II and PANDA.
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